A quantification method of the lactase enzyme in pharmaceutical formulations is proposed employing digital images obtained from a cell phone camera and processed using the colorimetric application. The use of sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) made it possible to identify the lactase enzyme, to fractionate possible protein impurities and to evaluate the degradation of lactase present in the analyzed formulations. In addition, gel electrophoresis made it possible to determine lactase free of matrix interference. The proposed method presented limit of quantification of 0.002 mg lactase (0.03 FCC), using external calibration. Recoveries of lactase added to the samples were in the range 78-104%. The concentrations found in different pharmaceutical formulations samples containing lactose were in the range 7-621 mg (104-9319 FCC). The relative standard deviations (RSD) were in the range of 3-13%. Of the six samples analyzed, only two (#S2 and #S5) were in agreement with the sample label description.
INTRODUCTION

Analytical Procedure Sample and Standards Preparation
The tablets of samples containing lactase were homogenized in mortar and pistil. Subsequently, approximated 50 mg of the sample were transferred to a flask and solubilized in 10 mL high purity water. The solutions obtained were refrigerated at 4 °C until analysis. Before the analysis, the samples were mixed with the buffer in the proportion of 3:1 (sample:sample buffer), and heated to 100 °C in a dry bath for 5 min, for denaturation.
A standard solution containing 10 mg mL -1 lactase (150 FCC mL -1 lactase) was prepared using 100 mg lactase solubilized in 10 mL high purity water. Aliquot of standard solution was diluted in sample buffer at the ratio 3:1 (80 µL standard solution:26.6 μL sample buffer) resulting in a 7.5 mg mL -1 lactase solution which was heated to 100 °C in a dry bath for 5 min, for denaturation and analysis. The standard Article Evaluation of the Quality of Formulations Containing Lactase (β-galactosidase) Employing Gel Electrophoresis and Cell Phone curve was prepared with aliquots of this solution, in the 0-0.38 mg lactase range. The first standard solution of the calibration curve, corresponding to a concentration of 0 mg, refers to the blank.
Gel Preparation
The comb was carefully removed from the gel, wells were rinsed with deionized water and the gel mounted in the apparatus Bio-Rad Mini-Protean ® Tetra system. The SDS-PAGE buffer was added to the bottom and the top reservoirs. Samples aliquots were placed in the bottom of the wells in the sampling the gel using pipette. For qualitative analysis and verification of impurities in the pharmaceutical formulations containing lactase, 20 µL of all samples were placed in the bottom of wells of sampling the gel. For quantitative analysis, aliquots of 10 µL of the samples #S1, #S2 and #S3, and 5 µL of the samples #S4, #S5 and #S6, were employed. Different aliquots (2.5, 5, 10, 15, 20, 30, 40 and 50 µL) of a standard solution containing 7.5 mg mL −1 lactase were used as standards for analytical curve.
For to stack all the samples on the gel were used 80 V. The run was carried out at 120 V for 120 min until the bromophenol blue had reached the lower edges of the gel.
Staining the Gel with Coomassie Blue
The gel was stained with solution of coomassie blue 0.15% w/v for 5 min and under stirring. The gels were destained by diffusion a solution of acetic acid 7% v/v for 12 h. The blue staining remains only in the protein bands because this is the result of the reaction between the sulfonic groups of the dye and the amine groups of the proteins.
Image Data Collection and Quantification of Lactase by Colorimetry on Cell Phone Devices
After the discoloration of the gels, samples and standard images were acquired using PhotoMetrix software, according to Figure 1 . The images (n = 5) for the lactase protein band on the 90 kDa gel were focused using the camera of the cell, at a distance of 18 cm, and acquired using a 32x32 pixel spot. The camera flash and 640x480 pixels resolution were used. addition/recovery tests, was chosen for the quantification of lactase in commercial formulations.
Figures of Merit
The limits of detection (LOD) and quantification (LOQ) of the method proposed were calculated according to IUPAC recommendations: 3 x SD blank /b (LOD), and 10 x SD blank /b (LOQ), where SD is the standard deviation for ten blank measurements (using bleached electrophoresis gel with coomassie blue) and b is the angular coefficient of the calibration curve [36] .
Addition / Recovery Tests
Accuracy of the proposed method was also evaluated by means of addition / recovery tests. A spike with 0.113 mg lactase was added in all samples analyzed. The trueness was calculated from equation 1:
where j is the mass determined by the proposed method and j ref is the reference mass of the lactase added (spike).
RESULTS AND DISCUSSION
Evaluation of Impurities and Degradation in Formulations Containing Lactase Employing SDS-PAGE
Different microorganisms (fungi, bacteria and yeasts) and industrial purifications routes can be used to obtain lactases that may present significant differences in their structures and physicochemical properties resulting from different mechanisms of production. For example, lactase from Aspergillus oryzae is a monomeric enzyme having a molecular mass of 90 kDa, does not require cofactors and has an optimal action pH of 4.5 [10] ; but the lactase from Lactobacillus acidophilus has a molecular mass of 540 kDa, needs magnesium as cofactor and presents a optimum pH in 6.2-6.6 [37] .
All samples analyzed in this study state in their labels that the lactase used in the formulations originated from the fungus A. oryzae. The lactase produced by this fungus requires relatively inexpensive industrial procedures, but they are more unstable enzymes [11, 12, 38] . To analyze the purity of the lactase in the formulations, electrophoresis was used in denaturing gel (SDS-PAGE) ( Figure 2 ). 
Article
Evaluation of the Quality of Formulations Containing Lactase (β-galactosidase) Employing Gel Electrophoresis and Cell Phone It is possible to observe in the gel different protein bands, ranging from 18 to 116 kDa, thus indicating that the formulations do not present only the lactase, as expected. The various bands observed on the gel demonstrate that different proteins are present, even after purification steps employed in obtaining lactase.
Samples #S3, #S4, #S5 and #S6 show an intense band at about 90 kDa, molecular mass expected for lactase from A. oryzae, being in agreement with the descriptions on the labels. Sample #S2, although slightly above 90 kDa, also can be inferred to lactase from A. oryzae. This difference may be related to the mode of expression of the protein, since the manufacturers do not give details of how these proteins were expressed and purified. If the proteins are recombinant, these can be expressed fused with tags like GST (Glutathione S-transferase), MPB (Maltose-binding protein), His-Tag (Poly-histidine-tagged) [1, 6, 39] , among others and thus the proteins may have molecular mass just above 90 kDa.
However, the sample #S1 showed two strong protein bands in the range of 50 to 70 kDa. This may indicate the degradation of the enzyme lactase in this analyzed formulation, since a protein band around 90 kDa was expected, molecular weight of the lactase expressed by A. oryzae.
The instability and enzymatic degradation of lactase can be due to several factors as inadequate exposure of the formulations, by the users and or manufacturers, high temperature that can lead to the enzymatic inactivation due to the formation of insoluble particles and aggregates, besides unfolding and protein degradation [4, [10] [11] [12] . Therefore, these factors may justify what was observed in the analysis of sample #S1.
Figures of Merit
The main analytical performance parameters (linear range, linear correlation coefficient, LOD, LOQ and precision) calculated for the method proposed are shown in Table I . Among the eight evaluated channels (R, G, B, H, I, V, S and L channel) in the univariate mode, the best calibration curve was obtained using the channel B (blue) with a linear correlation coefficient 0.993, for this reason it was used for lactase determinations, Figure 3 . The precision (n=5) was calculated using all samples and RSD varied from 3 to 13%. Overall, the values obtained were considered satisfactory for further development of the analytical methods for determination of lactase in pharmaceuticals formulations employing colorimetry and mobile device. The LOD value calculated for the method proposed in the determination of β-galactosidase (LOD = 0.6 μg), was similar to the values reported in the study developed by Jesus et al. (2019) [26] for the quantification of the albumin (LOD = 0.6 μg), trypsin inhibitor (LOD = 0.7 μg) and carbonic anhydrase (LOD = 0.7μg) proteins in human serum sample, both using SDS-PAGE and PhotoMetrix. These values demonstrate the potential of using these tools in the proteomics field.
Addition / Recovery Tests
Further tests were performed to verify the accuracy of the analytical method developed for the determination of the lactase. The tests were made for all lactase samples analyzed spiked with 0.113 mg enzyme. The trueness of lactase added to the samples varied within the range 78-104% (Table II) , demonstrating the accuracy in the measurements for all samples.
Determination of Lactase in Pharmaceutical Formulations
The proposed method was applied in the analysis of six formulations containing lactase in the range 4,000-10,000 FCC, and the results are shown in Table II . The measured values were in the range 7-621 mg lactase or 104-9319 FCC. The specifications of most tested pharmaceutical formulations samples were not consistent with the information described on the labels. The determined values for the lactase are not in agreement with the label specifications of formulations #S1, #S3, #S4 and #S6. Only formulations #S2 (3875 ± 168 FCC) and #S5 (9319 ± 316 FCC) are in concordance with the information described on the labels (#S2 -4,000 FCC and #S5 -10,000 FCC).
The lack of agreement of the lactase values described in the commercial formulations with those determined by the proposed method may be associated with several factors mentioned above, but mainly protein degradation.
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Evaluation of the Quality of Formulations Containing Lactase (β-galactosidase) Employing Gel Electrophoresis and Cell Phone In this way the proposed method proves to be an excellent tool to evaluate the quality of the commercial formulations containing lactase, using a method that employs as the analytical technique a mobile device -cell phone. The use of SDS-PAGE and the processing of the digital images acquired with the camera of cell phone by PhotoMetrix software, allow to quantify proteins with sensitivity (microgram levels), accuracy and precision satisfactory. A difficulty encountered in the development of this method was in the acquisition of the calibration standard for β-galactosidase enzyme with adequate specifications (e.g. purity) to be employed.
CONCLUSIONS
The proposed method based on colorimetric devices and electrophoresis was effective for the determination of lactase in different supplements containing this enzyme. The electrophoresis under denaturing conditions allowed to identify the lactase-related band and the separation of the analyte from possible interferences present in the sample matrix. SDS-PAGE proved to be an excellent analytical tool in the identification of protein impurities and making possible the determination of the concentration of lactase in the formulations using the mobile application. The use of digital images obtained by a cell camera together with the use of Photometrix software, allowed to develop a simple and inexpensive method for determination of lactase. The analytical method should be useful as a tool for assessing the quality of supplements marketed containing lactase, since the monitoring of the enzyme in these formulations may contribute to the efficacy of the supplements consumed. 
